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Vwurqjhu Hylghqfh ri Orqj0Uxq Qhxwudolw|= D
Frpphqw rq Ehuqdqnh dqg Plkryœ
Sdror Jlrugdql_
Devwudfw
Ihz sursrvlwlrqv lq pdfurhfrqrplfv duh ohvv frqwuryhuvldo wkdq orqj0
uxq prqh| qhxwudolw|/ |hw fohdu dqg urexvw hpslulfdo vxssruw kdv qrw ehhq
irxqg lq wlph vhulhv vwxglhv1 Ehuqdqnh dqg Plkry +4<<;, duh frpsdud0
wlyho| vxffhvvixo lq wklv kxqw/ exw wkhlu rxwsxw uhvsrqvh wr prqhwdu| srolf|
vkrfnv uhpdlqv vwxeeruqo| shuvlvwhqw1 Wklv sdshu dujxhv wkdw wkh rplv0
vlrq ri d phdvxuh ri rxwsxw jds iurp wkh YDU hvwlpdwhg e| Ehuqdqnh
dqg Plkry olhv dw wkh khduw ri wklv 4h{fhvvlyh4 shuvlvwhqfh1 Lq wkh wkhr0
uhwlfdo iudphzrun ri d Qhz Nh|qhvldq prgho vlplodu wr wkdw ri Vyhqvvrq
+4<<:, dqg Fodulgd/ Jdol dqg Jhuwohu +4<<<,/ L suryh wkdw wklv rplvvlrq lq0
gxfhv shuvlvwhqfh ryhuhvwlpdwlrq xqghu uhodwlyho| plog dvvxpswlrqv1 Wkh
lqfoxvlrq ri d sur{| iru wkh rxwsxw jds lq wkh YDU lv wkhq vkrzq wr gudv0
wlfdoo| lqfuhdvh wkh hylghqfh iru orqj0uxq prqh| qhxwudolw| rq XV gdwd/ dv
suhglfwhg e| wkh wkhruhwlfdo dqdo|vlv1
Nh|zrugv= orqj0uxq prqh| qhxwudolw|/ whfkqrorj| vkrfnv/ rxwsxw
jds/ YDU plvvshfl?fdwlrq1
MHO=H6 4 /H8 5 /H8 ; 1
WL wkdqn Ehq Ehuqdqnh/ Oduv Vyhqvvrq dqg Sdxo Vøghuolqg iru frpphqwv1 Ilqdqfldo khos
iurp wkh Zdoodqghuv dqg Khgholxv Irxqgdwlrq lv judwhixoo| dfnqrzohgjhg1
_Vwrfnkrop Vfkrro ri Hfrqrplfv/ Ghsduwphqw ri Hfrqrplfv1 Er{ 9834/ VH0446;6/ Vwrfn0
krop/ Vzhghq1 Skrqh= .79 ; :69<5851 Id{= .79 ; 64653:1 H0pdlo= qhsjlCkkv1vh1
44L q w u r g x f w l r q
Ihz sursrvlwlrqv lq pdfurhfrqrplfv duh ohvv frqwuryhuvldo wkdq orqj0uxq prqh|
qhxwudolw| +khqfhiruwk OUQ,/ wkh dvvhuwlrq wkdw d prqhwdu| frqwudfwlrq +h{sdq0
vlrq, kdv qr h>hfw rq hpsor|phqw dqg uhdo rxwsxw lq wkh orqj uxq1 \hw/ fohdu
dqg urexvw hpslulfdo hylghqfh lq idyru ri OUQ vhhpv kdug wr jdwkhu lq wlph
vhulhv vwxglhv1 Ehuqdqnh dqg Plkry +4<<;e, dgguhvv wklv sureohp dqg jr d orqj
zd| lq foduli|lqj wkh huuruv wkdw kdg fdxvhg suhylrxv hpslulfdo uhvhdufk wr uh0
mhfw OUQ1 Ehuqdqnh dqg Plkry +khqfhiruwk EP, vwduw zlwk d vwurqj sulru lq
idyru ri OUQ= wkh| duh rxw wr ?qg vxssruw iru lw1 Exw dowkrxjk wkhlu zrun lv
pruh vxffhvvixo wkdq suhylrxv uhvhdufk lq wklv kxqw/ wkhlu vxffhvv olhv lq qrw sur0
ylglqj d fohdu uhmhfwlrq ri OUQ udwkhu wkdq lq surylglqj vwurqj hylghqfh lq lwv
idyru= d qxoo k|srwkhvlv ri odujh orqj0uxq h>hfwv zrxog qrw eh uhmhfwhg hlwkhu1
Wkhlu vwudwhj| frqvlvwv lq lvrodwlqj d prqhwdu| srolf| vkrfn +khqfhiruwk PS
vkrfn, e| zd| ri d vwuxfwxudo YDU/ dqg lq frpsxwlqj wkh uhvsrqvh ri rxwsxw
wr wkdw vkrfn1 OUQ lpsolhv wkdw wkh uhvsrqvh vkrxog frqyhujh wr }hur dv wkh
wlph krul}rq jurzv1 Wkhuh lv d qxpehu ri lqwhuhvwlqj phwkrgrorjlfdo dgydqfhv
lq EP> dprqj wkhvh/ wkh| frqylqflqjo| dujxh wkdw fkrrvlqj d eurdg prqhwdu|
djjuhjdwh +prqhwdu| edvh ru eurdghu, dv wkh lqvwuxphqw ri prqhwdu| srolf| lv
d srru fkrlfh zklfk ohdgv wr kxjh plvwdnhv rq wkh lvvxh ri OUQ1 Exw lq vslwh ri
wkhvh lpsuryhphqwv/ wkh uhvsrqvh ri rxwsxw lv qrw edfn dw }hur diwhu whq |hduv1
Lq wkhlu rzq zrugv=
4Zh ?qg wkdw wkh oltxlglw| h>hfw dqg OUQ sursrvlwlrqv duh qrw
lqfrqvlvwhqw zlwk rxu dssurdfk wr lghqwli|lqj prqhwdu| srolf|/ do0
wkrxjk wkh srlqw hvwlpdwhv iru wkh rxwsxw uhvsrqvh lpso| zkdw pljkw
eh ylhzhg dv dq 4h{fhvvlyh4 ghjuhh ri shuvlvwhqfh iurp wkh shuvshf0
wlyh ri wkh OUQ k|srwkhvlv414
4Dw irxu |hduv wkh rxwsxw uhvsrqvh lv qr orqjhu vwdwlvwlfdoo| gl>huhqw
iurp }hur1 Lw lv d elw wurxeolqj krzhyhu/ wkdw wkh srlqw hvwlpdwhv
ri wkh rxwsxw uhvsrqvh uhpdlq deryh }hur hyhq dw wkh whq0|hdu krul0
}rq415
L iO U Ql vv rk d u gw rq d l og r z q /v k r x o gz hw d n hds d x v hd q gg r x e wl w BD i w h u
doo/ 4k|vwhuhvlv4 lv d zrug zklfk pdq| hfrqrplvwv duh qrw dvkdphg ri xvlqj lq
rwkhu frqwh{wv1 Pdqnlz +5333, grhv udlvh wkh txhvwlrq dqg grhv xvh wkh zrug lq
d vhfwlrq wlwohg 4K|vwhuhvlvB41 Lq idfw/ Pdqnlz uhdgv EP*v uhvxowv dv d ulqjlqj
ehoo lq idyru ri d pruh djqrvwlf srvlwlrq rq OUQ/ udwkhu wkdq dv hylghqfh iru lw1
Lq klv zrugv=
4Rqh txhvwlrq derxw zklfk L uhpdlq djqrvwlf lv zkhwkhu wkh qdwxudo
udwh k|srwkhvlv lv wuxh ru zkhwkhu vrph irup ri k|vwhuhvlv fdxvhv
prqhwdu| vkrfnv wr kdyh orqj0odvwlqj h>hfwv rq xqhpsor|phqw1 ^111‘
Ehuqdqnh dqg Plkry hvwlpdwh d vwuxfwxudo yhfwru dxwruhjuhvvlrq dqg
4Sj1 4871
5Sj1 4:41
5suhvhqw wkh lpsxovh uhvsrqvh ixqfwlrqv iru uhdo JGS lq uhvsrqvh wr
d prqhwdu| srolf| vkrfn1 +Vhh wkhlu Iljxuh LLL, Wkhlu hvwlpdwhg lp0
sxovh uhvsrqvh ixqfwlrq grhv qrw glh rxw wrzdug }hur/ dv lv uhtxluhg
e| orqj0uxq qhxwudolw|1 Lqvwhdg/ wkh srlqw hvwlpdwhv lpso| d odujh
lpsdfw ri prqhwdu| srolf| rq JGS hyhq diwhu whq |hduv1 Ehuqdqnh
dqg Plkry grq*w hpskdvl}h wklv idfw ehfdxvh wkh vwdqgdug huuruv
ulvh zlwk wkh wlph krul}rq1 Wkxv/ li zh orrn rxw idu hqrxjk/ wkh hvwl0
pdwhg lpsdfw ehfrphv vwdwlvwlfdoo| lqvljql?fdqw1 Exw li rqh grhv qrw
dssurdfk wkh gdwd zlwk d sulru ylhz idyrulqj orqj0uxq qhxwudolw|/ rqh
zrxog qrw ohdyh wkh gdwd zlwk wkdw srvwhulru1 Wkh gdwd*v ehvw jxhvv
lv wkdw prqhwdu| vkrfnv ohdyh shupdqhqw vfduv rq wkh hfrqrp|41
Lq zkdw iroorzv L sursrvh dq h{sodqdwlrq iru wkh shuvlvwhqw h>hfw ri PS
vkrfnv zklfk dvvxphv OUQ1 Wkh txhvwlrq L dvn lv= li OUQ krogv/ zk| grhv
EP*v YDU surgxfh vxfk d shuvlvwhqw uhvsrqvh ri rxwsxw wr PS vkrfnvB P|
dqvzhu lv ixoo| edvhg rq hfrqrplf wkhru|/ lqghhg lq d prgho wkdw lqfrusrudwhv
OUQ dqg d vkruw lqwhuhvw udwh dv wkh pdlq rshudwlqj wrro ri prghuq fhqwudo
edqnlqj1 Wkh prgho/ zklfk lv eruurzhg iurp Vyhqvvrq +4<<:, zlwk plqru dggl0
wlrqv/ lv ghvljqhg wr fdswxuh wkh hvvhqwldo ihdwxuhv ri wkh prqhwdu| wudqvplvvlrq
phfkdqlvpv/ dv rxwolqhg lq Vyhqvvrq +4<<: dqg 5333d, dqg lq Fodulgd/ Jdol dqg
Jhuwohu +4<<<,1 Lq wkh prgho wkh rxwsxw jds sod|v dq lpsruwdqw uroh= lw d>hfwv
lq dwlrq dqg lw ehorqjv wr wkh uhgxfhg irup uhdfwlrq ixqfwlrq ri wkh prqhwdu|
dxwkrulw| +zklfk wxuqv rxw wr eh d vlpsoh Wd|oru uxoh,1 Wklv sdshu vkrzv wkdw/
xqghu uhdvrqdeoh sdudphwhu ydoxhv/ wkh rplvvlrq ri d phdvxuh ri rxwsxw jds
iurp wkh prgho uhvxowv lq ryhuhvwlpdwlqj wkh shuvlvwhqfh ri wkh rxwsxw uhvsrqvh
wr prqhwdu| srolf| vkrfnv1 Vlqfh EP gr qrw lqfoxgh d phdvxuh ri rxwsxw jds
lq wkhlu YDU/ wklv dqdo|vlv lv srwhqwldoo| d ydolg h{sodqdwlrq iru wkhlu uhvxowv1
P| qh{w vwhs lv wkhq wr pryh wr wkh gdwd/ wr fkhfn zkhwkhu dgglqj d phdvxuh
ri rxwsxw jds wr wkh YDU grhv surgxfh vwurqjhu hylghqfh lq idyru ri OUQ1 Wkh
uhvxow L sursrvh lv wkdw wkh hylghqfh lq idyru ri OUQ ehfrphv pxfk vwurqjhu
rqfh d phdvxuh ri rxwsxw jds lv dgghg wr wkh YDU/ mxvw dv suhglfwhg e| wkh
prgho1 L dp hdjhu wr vwuhvv dw wklv hduo| srlqw wkdw wklv odujh lpsuryhphqw
+iurp wkh survshfw ri EP, uholhv hqwluho| rq wkh lqwurgxfwlrq ri rqh dgglwlrqdo
yduldeoh +d phdvxuh ri wkh rxwsxw jds,/ dv vxjjhvwhg e| wkhru|= hyhu|wklqj hovh/
lqfoxglqj lghqwl?fdwlrq/ lv wkh vdph iru erwk vshfl?fdwlrqv1
W k hl q w x l w l r qi r uz k |w k hr p l v v l r qr id qr x w s x wj d sp h d v x u hu h v x o w vl qd q
ryhuo| shuvlvwhqw uhvsrqvh ri rxwsxw wr PS vkrfnv lv dv iroorzv1 Wkh rxwsxw
jds ehorqjv wr wkh uhgxfhg irup prqhwdu| srolf| uxoh/ lq vxfk d zd| wkdw/ iru d
jlyhq xqh{shfwhg lqfuhdvh lq rxwsxw/ wkh prqhwdu| dxwkrulw| udlvhv wkh lqwhuhvw
udwh e| pruh li wkh lqfuhdvh lv gxh wr dq djjuhjdwh ghpdqg vkrfn wkdq li lw lv gxh
wr d whfkqrorj| vkrfn/ gh?qhg dv d vkrfn wkdw fkdqjhv srwhqwldo rxwsxw +wklv
uhvxow lv udwkhu vwdqgdug lq wkh olwhudwxuh,> vlqfh wkh rxwsxw jds lv rplwwhg/
zkhq rxwsxw lqfuhdvhv/ wkh YDU vrphwlphv revhuyhv d odujh lqfuhdvh lq wkh
lqwhuhvw udwh +DG vkrfn, dqg vrphwlphv d vpdoohu rqh +whfkqrorj| vkrfn,/ dqg
wkhuhiruh hvwlpdwhv wkdw wkh lqwhuhvw udwh uhvsrqvh wr dq xqiruhfdvwhg rxwsxw
lqfuhdvh lv vrphzkhuh lq ehwzhhq1 Lw iroorzv wkdw zkhq d srvlwlyh whfkqrorj|
6vkrfn lqfuhdvhv rxwsxw/ wkh YDU h{shfwv wkh lqwhuhvw udwh wr udlvh e| pruh wkdq
lw dfwxdoo| grhv/ dqg lqwhusuhwv wkh gl>huhqfh dv dq h{sdqvlrqdu| PS vkrfn1
Wkhuhiruh wkh PS vkrfnv hvwlpdwhg e| wkh hfrqrphwulfldq duh frqwdplqdwhg e|
whfkqrorj| vkrfnv1 Li whfkqrorj| vkrfnv kdyh d orqjhu odvwlqj h>hfw rq rxwsxw
wkdq PS vkrfnv/ dv frpprqo| eholhyhg/ wkh uhvsrqvh ri rxwsxw wr d PS vkrfn
lq wkh plvvshfl?hg v|vwhp orrnv pruh shuvlvwhqw wkdq lw dfwxdoo| lv1
Wkh uhvw ri wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 ghyhorsv wklv lqwxlwlrq
irupdoo|/ e| suhvhqwlqj wkh prgho dqg vkrzlqj wkh frqvhtxhqfhv ri rplwwlqj d
phdvxuh ri rxwsxw jds lq wkh YDU/ erwk dqdo|wlfdoo| dqg wkurxjk vlpxodwlrqv1
Vhfwlrq 6 whvwv wkh lpsolfdwlrqv ri wkh dqdo|vlv fduulhg rxw lq Vhfwlrq 51 Wkh
YDU xvhg e| EP lv frpsduhg zlwk rqh wkdw/ fhwhulv sdulexv/ dggv d phdvxuh
ri rxwsxw jds wr wkh qrq0srolf| yduldeohv/ ?qglqj wkdw wkh hylghqfh lq idyru ri
OUQ lv gudppdwlfdoo| lqfuhdvhg/ dv suhglfwhg1 Vhfwlrq 7 frqfoxghv1
5 Prgho dqg frqvhtxhqfhv ri YDU plvvshfl?0
fdwlrq
Lq rughu wr xqghuvwdqg wkh frqvhtxhqfhv ri rplwwlqj d phdvxuh ri rxwsxw jds
iurp wkh YDU/ L uhihu wr d vlpsoh prgho zklfk uhsolfdwhv/ zlwk vrph dgglwlrqv/
wkh rqh lq Vyhqvvrq +4<<:,1 Uhihuhqfh wr wklv prgho zloo doorz iru d fohdu dqg
uljrurxv h{srvlwlrq1 Krzhyhu/ wkh pdlq uhvxow L dp diwhu +ryhuhvwlpdwhg ghjuhh
ri shuvlvwhqfh, lv jurxqghg rq dq lqwxlwlrq zklfk krogv iru d pruh jhqhudo fodvv
ri prghov1
Vyhqvvrq +4<<:, suhvhqwv d prgho ghvljqhg wr fdswxuh vrph nh| ihdwxuhv ri
wkh wudqvplvvlrq phfkdqlvp ri prqhwdu| srolf|1 Lq idfw/ lw lv pruh jhqhudoo| d
prgho ri exvlqhvv f|foh  xfwxdfwlrqv1 Wkh vdph prgho lv xvhg lq Uxghexvfk
dqg Vyhqvvrq +4<<<,/ lq Mxgg dqg Uxghexvfk +4<<;, dqg/ h{whqghg wr d vpdoo
rshq hfrqrp|/ lq Edoo +4<<<,1 D iruzdug0orrnlqj yhuvlrq dsshduv lq Fodulgd/
Jdol dqg Jhuwohu +4<<<, dqg lq Vyhqvvrq +5333d dqg 5333e,1 Urphu +5333,
suhvhqwv wkh vdph prgho dv dq lpsuryhphqw ryhu wkh wudglwlrqdo LV0OP1W k h
prgho frqvlvwv ri dq LV htxdwlrq/ d Skloolsv fxuyh dqg d Wd|oru uxoh rewdlqhg
iurp wkh prqhwdu| dxwkrulw|*v rswlpl}dwlrq sureohp1 Wklv fruh wkuhh0htxdwlrq
vwuxfwxuh lv vkduhg e| pdq| uhfhqw Qhz0Nh|qhvldqv prghov iru prqhwdu| srolf|
dqdo|vlv1 Wkh prgho dvvxphv wkdw wkh prqhwdu| dxwkrulw| xvhv d vkruw lqwhuhvw
udwh dv lwv pdlq rshudwlqj wdujhw1
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zkhuh lw lv d vkruw0whup lqwhuhvw udwh vhw e| wkh prqhwdu| dxwkrulw|/ ￿ lv lq dwlrq
dqg |j lv wkh rxwsxw jds/ gh?qhg dv |
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w wkh orj ri srwhqwldo +ru 4qdwxudo4, rxwsxw1 Srwhqwldo rxwsxw lv dvvxphg
7wr iroorz dq h{rjhqrxv DU+4, surfhvv6
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Wkh Skloolsv fxuyh lv prghoohg dv




Doo vkrfnv duh llg17 Wkh| duh odehoohg= djjuhjdwh ghpdqg vkrfn/ whfkqrorj|
vkrfn dqg frvw0sxvk vkrfn1 Ghqrwh wkhlu vwdqgdug ghyldwlrqv e| ￿DG>￿ Q>
￿FS1 Wkh prgho lv vxssohphqwhg e| d orvv ixqfwlrq iru wkh prqhwdu| dxwkrulw|
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W k hv r o x w l r qw d n h vw k hi r u pr idW d | o r uu x o h+ V h hV y h q v v r q+ 4 < < : ,i r uw k hf o r v h g 0
irup vroxwlrq,1 Vlqfh wkh prgho lv edfnzdug0orrnlqj wkh glvfuhwlrqdu| vroxwlrq
dqg wkh frpplwphqw vroxwlrq duh wkh vdph=
lw @ ￿￿￿w . ￿||
j
w= +8,
D prqhwdu| srolf| vkrfn fdq eh dgghg e| vxssrvlqj wkdw wkh Wd|oru uxoh lv qrw
iroorzhg ghwhuplqlvwlfdoo|1 Lq wkdw fdvh/ wkh vkrfn ￿PS zlwk vwg ￿PS lv dgghg
wr wkh Wd|oru uxoh1 PS vkrfnv d>hfw qhlwkhu rxwsxw qru lq dwlrq zlwklq wkh
shulrg1
Prqh| grhv qrw kdyh dq lqwhuhvwlqj uroh wr sod| lq wklv prgho= lw grhv qrw ds0
shdu lq wkh LV dqg Skloolsv htxdwlrqv/ dqg l ehlqj wkh srolf| lqvwuxphqw/ prqh|
vxsso| lv shuihfwo| hodvwlf1 Wkhuhiruh/ iru d jlyhq prqh| ghpdqg htxdwlrq/ wkh
txdqwlw| ri prqh| fdq eh ghwhuplqhg uhvlgxdoo|/ diwhu vroylqj wkh uhvw ri wkh
prgho/ dqg wkh rplvvlrq ri prqh| grhv qrw uhvxow lq dq| plvvshfl?fdwlrq18
Lq wklv prgho/ PS vkrfnv fdq eh lghqwl?hg e| wkh dvvxpswlrq wkdw wkh|
gr qrw d>hfw rxwsxw/ srwhqwldo rxwsxw dqg lq dwlrq zlwklq wkh shulrg1 Wkxv
PS vkrfnv fdq eh uhfryhuhg zlwk d wuldqjxodu lghqwl?fdwlrq/ zkhuh doo ydul0
deohv h{fhsw prqh| duh rughuhg ehiruh wkh lqwhuhvw udwh +zlwklq wkhvh olplwv/ wkh
rughulqj ri wkh rwkhu yduldeohv lv luuhohydqw iru wkh lghqwl?fdwlrq ri PS vkrfnv,1
Wkh lghqwli|lqj dvvxpswlrq wkdw PS vkrfnv gr qrw d>hfw rxwsxw dqg lq dwlrq
zlwklq wkh shulrg lv d udwkhu xqfrqwuryhuvldo rqh/ dqg lv xvhg h{whqvlyho| lq wkh
olwhudwxuh +vhh/ h1j1/ Fkulvwldqr hw do1/ 4<<;/ dqg Uxghexvfk dqg Vyhqvvrq/ 4<<;,1
Wkhuhiruh/ lq wklv uhvshfw/ EP*v dvvxpswlrqv duh ixoo| lq olqh zlwk wkh prgho1
Rq wkh rwkhu kdqg/ wkh prgho grhv qrw mxvwli| wkh rplvvlrq ri wkh rxwsxw jds
+ru srwhqwldo rxwsxw, iurp wkh YDU/ dv lq EP dqg lq pxfk ri wkh olwhudwxuh1
6Vyhqvvrq +4<<:, pdnhv qr dvvxpswlrq derxw srwhqwldo rxsxw1 L iroorz Vyhqvvrq +5333d
dqg 5333e, lq dvvxplqj dq DU+4, surfhvv1
7Wkh dvvxpswlrq ri ￿￿_ vkrfnv lv qrw sduwlfxoduo| uhvwulfwlyh/ dv pruh odjv fdq eh dgghg wr
htxdwlrqv E￿￿ wr E￿￿ zlwkrxw dq| gl!fxow|1
8Jlyhq wkhvh suhplvhv/ lw lv qrw vxusulvlqj wkdw wkh olwhudwxuh dgrswlqj prghov ri wklv w|sh
grhv qrw vshfli| d prqh| ghpdqg htxdwlrq1 Krzhyhu/ Ohhshu +5333, h{suhvvhv vrph grxewv
rq wkh dssursuldwhqhvv ri rplwwlqj prqh| iurp wkh dqdo|vlv1
8514 Rplwwlqj d yduldeoh iurp wkh YDU dqg ?qglqj h{fhv0
vlyh shuvlvwhqfh
Ohw wkh GJS eh jlyhq e| htxdwlrqv +4,￿+6, dqg +8,1 Vxssrvh wkdw zh hvwlpdwh
d YDU lqfoxglqj= rxwsxw/ lq dwlrq/ lqwhuhvw udwh dqg prqh|/ zlwk PS vkrfnv
lghqwl?hg dv lqwhuhvw udwh vkrfnv/ dqg lqwhuhvw udwh rughuhg vhfrqg wr odvw +prqh|
odvw,1 Wkh lghqwl?fdwlrq zrxog eh lq dffrugdqfh zlwk wkh prgho li rxwsxw jds
ru srwhqwldo rxwsxw zhuh dgghg wr wkh YDU/ rughuhg ehiruh wkh lqwhuhvw udwh1
Wkh phvvdjh ri wklv sdshu lv wkdw rplwwlqj d phdvxuh ri rxwsxw jds iurp wkh
YDU uhvxowv lq h{fhvvlyh +ryhuhvwlpdwhg, shuvlvwhqfh1
D shuvshfwlyh rq h{fhvvlyh shuvlvwhqfh fdq eh jdlqhg e| lqvshfwlqj wkh uh0
wulhyhg PS vkrfnv1 Lq idfw/ wkrxjk wkh Wd|oru uxoh lv dvvxphg ghwhuplqlvwlf/
wkh hfrqrphwulfldq zloo uhwulhyh d srvlwlyh vwg ri wkh vwuxfwxudo PS vkrfnv1
Wklv srlqw lv suryhg irupdoo| lq Jlrugdql +5334,19 Krzhyhu/ wkh uhdvrq iru wkh
ryhuhvwlpdwlrq ri wkh yduldqfh ri PS vkrfnv lv lqwxlwlyho| fohdu= vlqfh wkh rxw0
sxw jds lv rplwwhg iurp wkh hvwlpdwhg Wd|oru uxoh/ wkh ?wg h w h u l r u d w h v+ v l q f h
wkh rxwsxw jds lv qrw shuihfwo| froolqhdu zlwk lq dwlrq/ rxwsxw dqg odjv ri doo
yduldeohv,1 Wkh lqwxlwlrq lv wkdw vlqfh wkh lqwhuhvw udwh grhv qrw uhdfw lq wkh
vdph zd| wr whfkqrorj| dqg DG vkrfnv/ zkhq d pryhphqw lq rxwsxw +ri d
jlyhq dprxqw, lv revhuyhg/ wkh plvvshfl?hg YDU vrphwlphv uhjlvwhuv d odujh
fkdqjh lq wkh lqwhuhvw udwh +zkhq wkh pryhphqw lv fdxvhg e| dq DG vkrfn, dqg
vrphwlphv d vpdoohu +srvvleo| qxoo, fkdqjh +zkhq fdxvhg e| d whfkqrorj| vkrfn,
dqg lv wulfnhg lqwr lqwhusuhwlqj wklv dv udqgrp ehkdylru ri wkh prqhwdu| dxwkru0
lw|1 Lw dovr hvwlpdwhv wkdw wkh lqwhuhvw udwh uhvsrqvh wr dq xqiruhfdvwhg rxwsxw
lqfuhdvh lv vrphzkhuh lq ehwzhhq1: Lw iroorzv wkdw zkhq d srvlwlyh whfkqrorj|
vkrfn sxvkhv rxwsxw xs/ wkh YDU h{shfwv wkh lqwhuhvw udwh wr udlvh e| pruh wkdq
lw dfwxdoo| grhv/ dqg lqwhusuhwv wkh gl>huhqfh dv dq h{sdqvlrqdu| PS vkrfn1
Wkhuhiruh wkh PS vkrfnv hvwlpdwhg e| wkh hfrqrphwulfldq duh frqwdplqdwhg
e| whfkqrorj| vkrfnv> pruh suhflvho|/ wkh| duh qhjdwlyho| fruuhodwhg zlwk whfk0
qrorj| vkrfnv1 Li whfkqrorj| vkrfnv kdyh d orqjhu0odvwlqj h>hfw rq rxwsxw wkdq
PS vkrfnv/ dv frpprqo| eholhyhg/ wkh uhvsrqvh ri rxwsxw wr d PS vkrfn lq
wkh plvvshfl?hg v|vwhp zloo eh pruh shuvlvwhqw wkdq lq uhdolw|1 Jlrugdql +5334,












Vr idu L kdyh suhvhqwhg dqdo|wlfdo dujxphqwv suhglfwlqj wkdw wkh rplvvlrq ri d
phdvxuh ri rxwsxw jds zloo ohdg wr h{fhvvlyh shuvlvwhqfh ri wkh rxwsxw uhvsrqvh
wr wkh hvwlpdwhg PS vkrfnv1 Wr ghyhors d txdqwlwdwlyh phdvxuh ri wkh lp0
sruwdqfh ri wklv h>hfw/ L suhvhqw d vlpxodwlrq1 Wkh prgho sdudphwhuv duh vhw










:Lq wklv prgho wkh lqwhuhvw udwh grhv qrw uhdfw dw doo wr whfkqrorj| vkrfnv/ exw wkh lqwxlwlrq














Iljxuh 4= Lpsxovh uhvsrqvh ri rxwsxw wr dq h{sdqvlrqdu| PS vkrfn lq wkh
fruuhfwo| vshfl?hg prgho dqg lq wkh plvvshfl?hg prgho iru ydulrxv ghjuhh ri
shuvlvwhqfh ri srwhqwldo rxwsxw1
dv lq Edoo +4<<<,= ￿| @3 =7>æ | @3 =;>æ u @4 = Wkh vwdqgdug ghyldwlrqv duh
￿DG @ ￿FS @ ￿Q @ ￿PS @4 = Uhvxowv jhqhudol}h zlwkrxw vxusulvhv wr gl>hu0
hqw sdudphwhuv1 Wkh sdudphwhuv lq wkh Wd|oru ixqfwlrq duh vhw wr ￿| @3 =8>
￿￿ @4 =81; Zkhq ￿PS A 3> wkh plvvshfl?hg prgho lv pruh hdvlo| hvwlpdwhg
qxphulfdoo| dqg doorzlqj iru vhyhudo odjv +khuh 7,/ iru uhdvrqv h{sodlqhg lq Jlru0
gdql +5334,1 L devwudfw iurp sdudphwhu xqfhuwdlqw| e| vhwwlqj wkh qxpehu ri
revhuydwlrqv wr 833331 Iljxuh 4 vkrzv wkh wuxh lpsxovh uhvsrqvh ri rxwsxw wr
d PS vkrfn wrjhwkhu zlwk wkh lpsxovh uhvsrqvhv uhwulhyhg e| wkh plvvshfl?hg
YDU/ iru lqfuhdvlqj ydoxhv ri wkh dxwruhjuhvvlyh sdudphwhu ª= Dv lpsolhg e| wkh
wkhruhwlfdo dqdo|vlv/ wkh ghjuhh ri h{fhvvlyh shuvlvwhqfh lqfuhdvhv zlwk ª= Prvw
uhvhdufkhuv* sulru lv wkdw ª lv hlwkhu rqh ru forvh wr rqh/ zklfk lq wklv prgho
frxog h{sodlq zk| wkh uhvsrqvh lv vr vorz lq uhwxuqlqj wr }hur1<
6 Prghudwh shuvlvwhqfh lq XV gdwd
Wkh qdwxudo qh{w vwhs lv wr yhuli| wkh dffxudf| ri wkhvh suhglfwlrqv rq XV gdwd1
Wr lwhudwh/ wkh suhglfwlrq lv wkdw wkh vxssruw iru OUQ zloo eh vwurqjhu li d phd0
vxuh ri rxwsxw jds lv lqfoxghg lq wkh YDU/ dprqj wkrvh wkdw EP fdoo 4qrq0srolf|
;Wkhvh sdudphwhuv duh frpprqo| dgrswhg1 Krzhyhu/ wkh rswlpdo ydoxhv ri wkh sdudphwhuv
ri wkh Wd|oru ixqfwlrq kdv d forvhg irup vroxwlrq jlyhq lq Vyhqvvrq +4<<:,1
<D Prqwh Fduor h{huflvh vxssruwv Jdol +4<<;,*v dujxphqw wkdw/ zlwk d vpdoo vdpsoh +533
revhuydwlrqv lq wkh h{shulphqw, dqg lq wkh suhvhqfh ri +forvh wr, xqlw urrw rxwsxw/ hvwlpdwlqj
wkh YDU lq ohyhov zloo ohdg wr xqghuhvwlpdwlqj wkh shuvlvwhqfh ri wkh uhvsrqvh1 Krzhyhu/ wklv
h>hfw lv vpdoo1
:yduldeohv41 Qrwlfh wkdw wkh prgho suhvhqwhg deryh vxssruwv wkh lghqwl?fdwlrq
dvvxpswlrq/ dgrswhg e| EP/ wkdw prqhwdu| srolf| grhv qrw d>hfw qrq0srolf|
yduldeohv zlwklq wkh shulrg/ zlwk rqh h{fhswlrq dqg rqh fodul?fdwlrq1 Wkh h{0
fhswlrq lv wkdw wkh eurdg prqhwdu| djjuhjdw 8P58vkrxog eh rughuhg diwhu wkh
srolf| yduldeohv/ qrw ehiruh1 Wkh fodul?fdwlrq lv rq wkh uroh ri wkh frpprglw|
sulfh lqgh{/ zklfk grhv qrw dsshdu lq wkh prgho1 Jlrugdql +5334, dujxhv wkdw
wkh frpprglw| sulfh lqgh{43 lv xvhixo lq vroylqj wkh sulfh sx}}oh ehfdxvh lw lv
fruuhodwhg zlwk srsxodu phdvxuhv ri wkh rxwsxw jds +lq wkh shulrg frqvlghuhg
e| EP +4<9904<<9,/ wkh fruuhodwlrq lv 3176 zlwk fdsdflw| xwlol}dwlrq44 dqg 03156
zlwk xqhpsor|phqw,/ dqg wkdw lw lv qr orqjhu hvvhqwldo li d ehwwhu sur{| ri wkh
rxwsxw jds lv lqfoxghg lq wkh YDU1 Wkh uhvxowv wkdw iroorz vxssruw wklv fodlp=
zkloh EP*v uhvxowv +lq whupv ri shuvlvwhqfh ri wkh rxwsxw uhvsrqvh, zruvhq frq0
vlghudeo| li frpprglw| sulfh +khqfhiruwk Sfrp, lv rplwwhg/ wklv rplvvlrq kdv
qr frqvhtxhqfhv li wkh rxwsxw jds lv lqfoxghg1
L zloo vlpsoli| h{srvlwlrq e| uhgxflqj wkh srolf| yduldeohv wr rqh rqo|= wkh
ihghudo ixqgv udwh1 Ehuqdqnh dqg Plkry +4<<;d dqg 4<<;e,/ zkr dovr frqvlghu
wrwdo uhvhuyhv dqg qrqeruurzhg uhvhuyhv/ lq idfw frqfoxgh wkdw wklv lv d jrrg
dssur{lpdwlrq iru prvw ri wkh srvw04<98 shulrg1
L zloo uhsurgxfh wkh ?uvw wzr judskv ri Iljxuh LLL lq EP +4<<;e,/ qdpho|
wkh uhvsrqvh ri uhdo JGS wr d PS vkrfn dqg wkh s0ydoxh iru wkh qxoo wkdw wkh
uhvsrqvh lv }hur diwhu d jlyhq qxpehu ri shulrgv> exw L zloo gr wklv frpsdulqj
wkh uhvxowv ri wzr YDUv=
41 D YDU lghqwlfdo +lq yduldeohv dqg lghqwl?fdwlrq, wr wkh rqh xvhg e| EP
+h{fhsw iru wkh vlpsol?fdwlrq ri wkh srolf| eorfn wr wkh ihghudo ixqgv udwh,=
uhdo JGS/ lq dwlrq/ Sfrp/ P5/ ihghudo ixqgv udwh145
51 Wkh YDU vxjjhvwhg e| wkh prgho/ zklfk lv wkh vdph dv deryh +vdph
lghqwl?fdwlrq rughulqj, exw dgglqj fdsdflw| xwlol}dwlrq +dprqj wkh qrq0
srolf| yduldeohv, dqg zlwkrxw P5 dqg Sfrp1 Wkh uhvxowv rewdlqhg e| wklv
vhfrqg YDU duh yhu| vlplodu wr rqh lq zklfk P5 dqg Sfrp duh lqfoxghg1
L suhvhqw wkh vpdoohu YDU ehfdxvh ri Rffdp*v ud}ru sulqflsoh +khuh= li d
vpdoo prgho shuirupv dv zhoo dv d odujh rqh/ xvh wkh vpdoo, dqg wr dyrlg
Vlpv* remhfwlrq wr rughulqj Sfrp ehiruh wkh srolf| lqvwuxphqw1
Gdwd duh txduwhuo|/ vdpsoh 4<99T404<<;T71461 Wkh YDUv kdyh wkuhh odjv147
Iljxuh 5 judskv wkh lpsxovh uhvsrqvh ri JGS wr dq h{sdqvlrqdu| PS vkrfn
43Wkh frpprglw| sulfh lqgh{ L fkrrvh lv wkh vhulhv xvhg lq Fkulvwldqr hw do1 +4<<;,/ zklfk
lv d ohdglqj lqglfdwru sxeolvkhg e| wkh Ghsduwphqw ri Frpphufh/ dujxdeo| wkh prvw xvhixo lq
fruuhfwlqj wkh sulfh sx}}oh1 Wklv vhulhv grhv qrw kdyh dq xszdug wuhqg/ dv wkh zrug 4sulfh4
pd| vxjjhvw dqg dv rwkhu vlploduo| ghqrplqdwhg vhulhv gr +vxfk dv wkh lqwhuqdwlrqdo frpprglw|
sulfh lqgh{ xvhg e| Idyhur/ 5333,1
44Fdsdflw| xwlol}dwlrq iru wkh lqgxvwuldo vhfwru lv sxeolvkhg e| wkh Ihghudo Uhvhuyh Erdug/
dovr dydlodeoh dw IUHG +zzz1vwov1iue1ruj2iuhg2gdwd2exvlqhvv2frpij,1
45P5/ lq EP +4<<;e, dqg khuh/ lv gh dwhg e| wkh GJS gh dwru dqg orjjhg +wkh vdph lv
wuxh ri JGS,1 L xvh lq dwlrq/ udwkhu wkdq sulfhv/ wr lpsuryh h!flhqf| lq hvwlpdwlrq1
46EP xvh prqwko| gdwd +4<9904<<9,/ iru zklfk fdsdflw| xwlol}dwlrq lv qrw dydlodeoh1
47Wkh KT fulwhulrq vxjjhvwv wzr odjv iru wkh ?uvw YDU dqg wkuhh iru wkh vhfrqg1 EP +4<<;e,
xvh vhyhq odjv rq prqwko| gdwd1
;lq wkh wzr prghov +iru 73 txduwhuv/ dv lq EP,/ wrjhwkhu zlwk 9;( huuru edqgv
+dssur{lpdwho| wzr vwdqgdug ghyldwlrqv, iru wkh vhfrqg prgho1481 Iljxuh 6 sorwv
wkh s0ydoxhv iru wkh wzr k|srwkhvlv wkdw wkh uhvsrqvh lv }hur diwhu d jlyhq qxpehu
ri shulrgv lq wkh ?uvw YDU +?uvw k|srwkhvlv, dqg lq wkh vhfrqg YDU1 Wkh uhvxowv
Iljxuh 5= Lpsxovh uhvsrqvh ri JGS wr dq h{sdqvlrqdu| PS vkrfn lq wkh vhfrqg
YDU +fdsdflw|/ JGS/ lq dwlrq/ ihghudo ixqgv udwh,8frqwlqxrxv olqh/ huuru edqgv
lq grwwhg olqhv8dqg lq wkh ?uvw YDU +JGS/ lq dwlrq/ Sfrp/ P5/ ihghudo ixqgv
udwh,8gdvkhg olqh1
iurp wkh ?uvw YDU duh voljkwo| gl>huhqw iurp wkrvh rewdlqhg e| EP +vhh wkhlu
Iljxuh LLL,= wkh s0ydoxh udlvhv deryh 314 vrrqhu/ exw dw orqjhu krul}rqv surylgh
ohvv vxssruw iru OUQ1 Rq wkh rwkhu kdqg/ wkh vhfrqg YDU gudvwlfdoo| lqfuhdvhv
wkh vxssruw iru OUQ/ zkloh suhvhuylqj yhu| vljql?fdqw vkruw0uxq h>hfwv1 Qrwlfh
wkh vlplodulwlhv ehwzhhq Iljxuh 4 dqg Iljxuh 5= lq wkh YDU wkdw lqfoxghv fd0
sdflw| xwlol}dwlrq/ wkh uhvsrqvh lv vpdoohu/ exw shdnv dw dssur{lpdwho| wkh vdph
wlph/ dqg lv vkruwhu0olyhg1 Wklv edvholqh uhvxow/ qdpho| wkdw vlpso| lqfoxglqj
d phdvxuh ri rxwsxw jds lq wkh YDU gudvwlfdoo| uhgxfhv wkh shuvlvwhqfh ri wkh
rxwsxw uhvsrqvh/ lv urexvw wr d zlgh udqjh ri prgl?fdwlrqv lqfoxglqj= fkdqj0
lqj odj ohqjwk/ dgglqj Sfrp dqg P5 wr wkh vhfrqg YDU/ gl>huhqflqj JGS lq
hvwlpdwlrq +dv vxjjhvwhg e| Jdol/ 4<<;,/ xvlqj FSL udwkhu wkdq JGS gh dwru/
vkruwhqlqj wkh vdpsoh/ xvlqj xqhpsor|phqw lqvwhdg ri fdsdflw| xwlol}dwlrq dv d
48Huuru edqgv dqg s0ydoxhv duh rewdlqhg e| Prqwh Fduor qxphulfdo lqwhjudwlrq +43333
gudzv, zlwk wkh Ed|hvldq surfhgxuh rxwolqhg lq Grdq +4<<5,1 Huuru edqgv duh rewdlqhg
ohdylqj rxw wkh orzhvw dqg kljkhvw 49( dw hdfk vwhs1
<Iljxuh 6= S0ydoxhv iru wkh qxoo wkdw wkh uhvsrqvh ri rxwsxw dw d jlyhq krul}rq lv
}hur iru wkh ?uvw YDU +EP, dqg wkh vhfrqg YDU +fdsdflw|/ rxwsxw/ lq dwlrq/
>,1
phdvxuh ri rxwsxw jds1 Wkh h{foxvlrq ri Sfrp/ luuhohydqw li fdsdflw| lv lqfoxghg/
ohdgv wr pxfk zhdnhu hylghqfh lq vxssruw ri OUQ lq wkh ?uvw YDU +wkh s0ydoxh
dw odj 73 lv 313:,1
Wkh rqh suhvhqwhg khuh lv qrw wkh ?uvw YDU wkdw grhv qrw glvsod| 4h{fhvvlyh4
shuvlvwhqfh1 Wkh lpsxovh uhvsrqvh lq/ iru h{dpsoh/ Urwhpehuj dqg Zrrgirug
+4<<;,8zkr ghwuhqg rxwsxw8dqg Uxghexvk dqg Vyhqvvrq +4<<<,8zkr lqfoxgh
wkh FER phdvxuh ri rxwsxw jds8dovr gr qrw1 Wkh frqwulexwlrq ri wklv sdshu
lv wr udwlrqdol}h wkhlu ?qglqjv/ h{sodlqlqj zkdw gulyhv wkh gl>huhqfhv lq uhvxowv
dfurvv dssduhqwo| vlplodu YDUv1
7F r q f o x v l r q v
Ihz sursrvlwlrqv lq pdfurhfrqrplfv duh ohvv frqwuryhuvldo wkdq orqj0uxq prqh|
qhxwudolw|/ |hw fohdu dqg urexvw hpslulfdo vxssruw kdv qrw ehhq irxqg lq wlph
vhulhv vwxglhv1 Kdyh hfrqrplvwv ehhq wrr vwxeeruq lq lqwhusuhwlqj hylghqfh
djdlqvw OUQ dv d idloxuh ri wkh hpslulfdo phwkrgrorj| udwkhu wkdq dv hylghqfh
djdlqvw wkh k|srwkhvlvB Wklv sdshu vxjjhvwv wkdw wkh| kdyh qrw1 Frpphqwlqj
rq zrun e| Ehuqdqnh dqg Plkry +4<<;e,/ dqg vkdulqj wkhlu pdlq dvvxpswlrqv rq
prqhwdu| srolf| lghqwl?fdwlrq/ wkh sdshu dujxhv wkdw wkh rplvvlrq ri d phdvxuh
ri rxwsxw jds +ru srwhqwldo rxwsxw, iurp wkh YDU hvwlpdwhg e| Ehuqdqnh dqg
43Plkry olhv dw wkh khduw ri wkh 4h{fhvvlyh4 shuvlvwhqfh ri wkh rxwsxw uhvsrqvh
wr PS vkrfnv1 Lq d wkhruhwlfdo iudphzrun/ wklv rplvvlrq lv suryhq wr lqgxfh
shuvlvwhqfh ryhuhvwlpdwlrq xqghu uhodwlyho| plog dvvxpswlrqv1 Wkh lqfoxvlrq ri
d sur{| iru wkh rxwsxw jds lq wkh YDU lv wkhq vkrzq wr gudvwlfdoo| lqfuhdvh
wkh hylghqfh iru orqj0uxq qhxwudolw| rq XV gdwd/ dv suhglfwhg e| wkh wkhruhwlfdo
dqdo|vlv1
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Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 7</ 4<805391
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